Objective. Serum non-high-density lipoprotein (HDL) cholesterol (total cholesterol minus HDL cholesterol) is considered a better screening tool than low-density lipoprotein (LDL) cholesterol for the assessment of coronary artery disease (CAD) risk in adults because it includes all classes of atherogenic lipoproteins. Although population frequency distribution and clinically useful cutpoints for this variable in adults have been reported recently, such information is lacking in children. Therefore, this study sought to provide population-based data on the distribution and correlates of non-HDL cholesterol in biracial (black-white) children.
levated levels of low-density lipoprotein (LDL) cholesterol and decreased levels of high-density lipoprotein (HDL) cholesterol have long been recognized as an important risk factor for coronary artery disease (CAD) in adults. 1 Although clinical manifestations of CAD do not usually emerge until middle age, the atherosclerotic process begins very early in life, and the childhood adverse lipoprotein levels are associated with coronary atherosclerosis in youth. [2] [3] [4] The National Cholesterol Education Program Pediatric Panel and the American Academy of Pediatrics Committee on Nutrition have provided guidelines to identify and treat children who are at risk for the development of accelerated atherosclerosis in early adult life. 5, 6 With respect to lipoprotein-related risk assessment and intervention, LDL cholesterol is widely considered as the "gold standard." However, the limitations of the use of LDL cholesterol measured as part of the lipid profile for screening of CAD risk was outlined recently by Havel and colleagues. 7, 8 Estimation of LDL cholesterol by Friedewald equation, 9 which requires overnight fasting triglycerides measurement, becomes less accurate with increasing concentrations of triglycerides in serum. Furthermore, this calculated value also includes intermediate-density lipoproteins and lipoprotein (a) to varying degrees. For obviating these limitations, measurement of non-HDL cholesterol (total cholesterol minus HDL cholesterol) has been proposed as a better screening tool for CAD risk assessment and treatment, the rationale being that non-HDL cholesterol includes both cholesterol-rich and triglycerides-rich atherogenic apolipoprotein B-containing lipoproteins (very-low-density lipoprotein [VLDL], intermediatedensity lipoproteins, LDL, and lipoprotein [a]), and the measurement does not require overnight fasting.
Because non-HDL cholesterol is increasingly being used in clinical research, 3,10 -12 population frequency distribution and clinically useful cutpoints for this variable in the adult population of the Third National Health and Nutrition Examination Survey has been reported recently. 13 Although data on serum lipids and lipoproteins are available for US children, 14 -20 population-based data on non-HDL cholesterol in this age group is scant. This report presents distribution and correlates of non-HDL cholesterol in children aged 5 to 17 years, using biracial (black-white) population-based data from the Bogalusa Heart Study.
METHODS

Study Population
The Bogalusa Heart Study is a long-term investigation of the early natural history of cardiovascular disease beginning in childhood in the biracial (65% white, 35% black) community of Bogalusa, LA. 21 The eligible population included all children and young adults living in Bogalusa (population approximately 22 000). Since 1973, cross-sectional studies of the school-age population have been conducted every 3 to 5 years; the current analysis consisted of 3262 children who participated in the examination conducted between October 1992 and June 1994. The participation rate was 80%. The study sample consisted of 2843 5-to 17-year-olds (57% white, 50% female) after exclusion of those who were outside the age range (n ϭ 263), were neither white nor black (n ϭ 7), were using oral contraceptives (n ϭ 40 females), and had missing values for the study variables (n ϭ 109).
General Examination
Standardized protocols were used by trained examiners. 21 Participants were instructed to fast for 12 hours before venipuncture, and compliance was determined by interview on the morning of the examination. Height, weight, and waist circumference were measured in triplicate, and the mean values were used in the analysis. As a measure of overall body fatness, the body mass index (BMI; weight in kilograms divided by the square of the height in meters) was used. Waist circumference was used as a measure of visceral adiposity. Information concerning cigarette smoking, alcohol intake, and oral contraceptive use was obtained by questionnaires. The reproducibility of anthropometric measurements was assessed in a 10% random sample, and the intraclass (within-observer) correlation coefficients were Ͼ0.99 for BMI and 0.97 for waist circumference.
Serum Lipids and Lipoproteins
Total cholesterol and triglycerides were determined enzymatically on an Abbott VP analyzer (Abbott Laboratories, North Chicago, IL). Lipoprotein cholesterols were measured by a combination of heparin-calcium precipitation and agar-agarose gel electrophoresis. 22 Measurement of total cholesterol, triglycerides, and HDL cholesterol are being monitored by a surveillance program of the Centers for Disease Control and Prevention (Atlanta, GA). On the basis of 10% blind duplicate determinations, intraclass coefficients of reliability were 0.99 for total cholesterol, 0.98 for LDL cholesterol and triglycerides, and 0.96 for HDL cholesterol.
Statistical Analyses
Non-HDL cholesterol was computed as the difference between total serum cholesterol and HDL cholesterol. Descriptive statistics (means, standard deviations, percentiles) were used to summarize non-HDL levels. Analysis of covariance methods were used to assess differences in mean non-HDL levels between gender and race groups. Spearman correlation coefficients were computed to determine the bivariate relationships between non-HDL and age, body fatness, and lipoprotein variables. Forward stepwise regression methods were used to determine which anthropometric, behavioral, and demographic factors correlate independently with non-HDL cholesterol; the criterion for entry into the model was P Ͻ .05. Simple regression models predicting non-HDL cholesterol from LDL cholesterol were also computed. All analyses were performed using SAS 8.0 (SAS, Inc, Cary, NC).
RESULTS
Mean and Selected Percentiles
Race-and gender-specific mean levels and selected percentiles of non-HDL cholesterol by age group and total sample are presented in Table 1 . Levels were similar in black and white children, regardless of gender and age group. A significant male-female difference was seen in both races, with girls showing higher values than boys. However, the observed gender differential was significant in 5-to 11-year-olds but not in 12-to 17-year-olds.
Relation to Age, Body Fatness, and Lipoprotein Variables
The relation of non-HDL cholesterol to age, BMI, waist circumference, total cholesterol, triglycerides, LDL cholesterol, and HDL cholesterol are given in Table 2 . Corresponding correlation data regarding LDL cholesterol are provided for comparison. Age was inversely correlated to both non-HDL cholesterol and LDL cholesterol. Both BMI and waist circumference were related positively to non-HDL cholesterol. As expected, both non-HDL cholesterol and LDL cholesterol associated strongly with each other and total cholesterol. Although both non-HDL cholesterol and LDL cholesterol were related positively to triglycerides, the magnitude of correlation was relatively higher for the former. Non-HDL cholesterol showed a significant inverse relation to HDL cholesterol.
Independent Correlates
The characteristics that were independently related to non-HDL cholesterol are presented in Table  3 . General adiposity (BMI) and age, in that order, 3 , BMI, cigarette smoking (n/wk), and alcohol (mL/wk).
were the major factors that contributed to the explained variance of non-HDL cholesterol. Gender, visceral fatness (waist circumference), and cigarette smoking contributed to a lesser extent to the variance. Overall, the identified independent variables accounted for 7.7% of the variance in non-HDL cholesterol. It should be noted that the association of age with non-HDL cholesterol was nonlinear as indicated by the age 3 term in the model. The likelihood of underreporting among children on the self-report for cigarette smoking, alcohol intake, and oral contraceptive usage may potentially account for the attenuated R 2 .
Levels by LDL Cholesterol Cutpoints
A regression of non-HDL cholesterol on LDL cholesterol was performed to provide non-HDL cholesterol levels corresponding to LDL cholesterol cutpoints (110, 130, 160, and 190 mg/dL) that determine the steps for risk assessment and treatment. As shown in Table 4 , non-HDL cholesterol levels were 13.2 to 17.3 mg/dL higher than LDL cholesterol levels over the range of cutpoints used. Because age and gender were independent correlates of non-HDL cholesterol, the following regression equations are provided by age group and gender for non-HDL cholesterol:
5-to 11-year-olds: 5.68 ϩ 1.05 ϫ LDL cholesterol 12-to 17-year-olds: 7.18 ϩ 1.06 ϫ LDL cholesterol Male: 8.48 ϩ 1.04 ϫ LDL cholesterol Female: 6.89 ϩ 1.06 ϫ LDL cholesterol The non-HDL cholesterol values corresponding to LDL cholesterol cutpoints by age group and gender varied by only 1 to 3 mg/dL from that of the total sample shown in Table 4 .
DISCUSSION
The present study provides distribution and correlates of non-HDL cholesterol in a population of children. The levels were higher in girls than in boys, especially among the younger (5-11 years) age group, and associated inversely with age. In addition, the levels were adversely associated with modifiable factors such as body fatness and cigarette smoking.
The observed female excess of non-HDL cholesterol in children is consistent with the previous data, including our own, showing higher LDL cholesterol and VLDL cholesterol and lower HDL cholesterol in girls compared with boys, especially among preadolescents. [15] [16] [17] [18] [19] Likewise, the relatively lower levels of non-HDL cholesterol in the older age group seen in this study may reflect the previously well-documented puberty-related decreases in total cholesterol, LDL cholesterol, and HDL cholesterol. 16 -19,23 Of interest, as in an earlier report, 10 the current study found no black-white difference in non-HDL cholesterol. We and others have reported higher levels of total cholesterol, HDL cholesterol, and lipoprotein (a) and lower levels of VLDL cholesterol and triglycerides in black children than in white children. 15, 16, 19, 20 It seems that the levels of cholesterol derived from atherogenic apolipoprotein B-containing lipoproteins are similar between black and white children, despite that black children have the advantage of higher HDL and lower VLDL (triglycerides).
The present data show that non-HDL cholesterol, unlike LDL cholesterol, was correlated better with triglycerides and associated inversely with HDL cholesterol. These findings are consistent in that non-HDL cholesterol includes the cholesterol component of triglyceride-rich lipoproteins, which are metabolically inversely related to HDL. 24 -26 Furthermore, the current finding that non-HDL cholesterol, unlike LDL cholesterol, was associated better with measures of body fatness is consistent with the greater adverse impact of childhood overweight and obesity on triglycerides. [27] [28] [29] In this context, non-HDL cholesterol compared with LDL cholesterol may be a better parameter for monitoring the outcomes related to weight control, prudent diet, and physical activity.
The present study did not include measurement of apolipoprotein B, a better indicator of number of atherogenic particles and the attendant CAD risk than LDL cholesterol. 30 -33 It was reported recently that non-HDL cholesterol is the best surrogate mea- sure of apolipoprotein B, because it correlated better with apolipoprotein B than did LDL cholesterol across a wide range of triglyceride levels. 12 Finally, the present report provides non-HDL cholesterol values equivalent to selected LDL cholesterol cutpoints recommended by National Cholesterol Education Program pediatric panel and the American Academy of Pediatrics. 5, 6 Although LDL cholesterol is widely used as the standard for CAD risk assessment and intervention, non-HDL cholesterol may be even better in this regard for the reasons discussed earlier. However, studies are obviously needed to establish the utility of non-HDL cholesterol in the pediatric population.
